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(57)Abstract 

PURPOSE: To provide a projection aligner which is constituted 
without using any beam splitter, but a reflecting and refracting 
.systems, uses a cata-dioptric projecting optical system which is less 
Fin luminous flux and has a large numerical aperture, and adopts a slit 
scanning exposure system having an excellent image forming ability. 
CONSTITUTION: The light from a pattern 24 in an illuminated area 
23 reaches a plane mirror Ml. with a long and narrow opening S1 at 
its center through a first convergence group G1 and, after the light 
is reflected by the mirror M1, the luminous flux reflected by a 
second convergence group G2, forms the intermediate image 24A of 
the pattern 24 in the opening SI. of the mirror Ml. The luminous flux 
from the image 24A further forms the image 24B of the image 24B 
on a wafer 25 through a third convergence group G3. 
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CLAIMS 



[Claim(s)] 

[Claim l] It has the projection optical system which projects the image of the pattern in 
the lighting field of the shape of a slit in the pattern formed in the mask on a substrate 
side. By scanning said mask in the predetermined direction to the lighting field of the 
shape of said slit, and scanning said substrate to the lighting field of the shape of said 
slit, and an exposure field [ **** ] synchronizing with said mask In the projection 
aligner which carries out projection exposure of the image of the pattern of said mask on 
said substrate serially The part I part image formation optical system which carries out 
image formation of the medium image of the pattern of said mask for said projection 
optical system, It constitutes from part II part image formation optical system which 
carries out image formation of the image of said medium image on said substrate. It is 
aslant arranged to the 1st convergence group which has the forward refractive power 
which converges the flux of light from the pattern of said mask in the lighting field of 
the shape of said slit for said part I part image formation optical system, and; optical 
axis. By reflecting the light of the 2nd field which is made to pass the light of the 1st 
field and is different from this 1st field The selection optical system and; lieberkuhn 
which lead the flux of light from said 1st convergence group to consecutive optical 
system are included. The scanning reflective refraction projection aligner characterized 
by constituting from a 2nd convergence group with the forward refractive power which 
reflects the flux of light from said selection optical system, and carries out image 
formation of the medium image of said pattern to the field of the shape of a slit in said 
1st field of said selection optical system, or said 2nd field, and;. 

[Claim 2] The 2nd selection optical system and; lieberkuhn which are arranged at the 
rear face of said selection optical system in said part II part image formation optical 
system, are made to pass the light of the 1st field corresponding to said 1st field of said 
selection optical system, and reflect the light of the 2nd field of the rear face of said 2nd 
field are included. The 3rd convergence group with the forward refractive power which 
reflects the flux of light from said selection optical system, and returns light to the 1st 
field or 2nd field of said 2nd selection optical system; The flux of light from said 2nd 
selection optical system is converged. The scanning reflective refraction projection 
aligner according to claim 1 characterized by constituting from a 4th convergence group 
with the forward refractive power which carries out image formation of the image of 
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said pattern on said substrate, and;. 

[Claim 3] It is aslant arranged to the 3rd convergence group and; optical axis with the 
forward refractive power which converges the flux of light from said 1st medium image 
for said part II part image formation optical system, and carries out image formation of 
the 2nd medium image of said pattern. By reflecting the light of the 2nd field which is 
made to pass the light of the 1st field and is different from this 1st field The 2nd 
selection optical system and; lieberkuhn which lead the flux of light of said 2nd medium 
image to consecutive optical system are included. The 4th convergence group with the 
forward refractive power which reflects the flux of light from said 2nd selection optical 
system, and returns light to the 1st field or 2nd field of said 2nd selection optical 
system; The flux of light from said 2nd selection optical system is converged. The 
scanning reflective refraction projection aligner according to claim 1 characterized by 
constituting from a 5th convergence group with the forward refractive power which 
carries out image formation of the image of said pattern on said substrate, and;. 
[Claim 4] It has the projection optical system which projects the image of the pattern in 
the lighting field of the shape of a slit in the pattern formed in the mask on a substrate 
side. By scanning said mask in the predetermined direction to the lighting field of the 
shape of said slit, and scanning said substrate to the lighting field of the shape of said 
slit, and an exposure field [ **** ] synchronizing with said mask In the projection 
aligner which carries out projection exposure of the image of the pattern of said mask on 
said substrate serially The part I part image formation optical system which carries out 
image formation of the medium image of the pattern of said mask for said projection 
optical system, While reflecting the light of the 2nd field which consists of part II part 
image formation optical system which carries out image formation of the image of said 
medium image on said substrate, is aslant arranged to an optical axis in said part II 
part image formation optical system, is made to pass the light of the 1st field, and is 
different from this 1st field Image formation of said medium image is carried out into 
the field of the shape of a slit in said 1st field or said 2nd field. The selection optical 
system and; lieberkuhn which lead the flux of light of said medium image to consecutive 
optical system are included. The 1st convergence group with the forward refractive 
power which reflects the flux of light from said selection optical system, and returns 
light to the 1st field or 2nd field of said selection optical system; The flux of light from 
said selection optical system is converged. The scanning reflective refraction projection 
aligner characterized by constituting from a 2nd convergence group with the forward 
refractive power which carries out image formation of the image of said pattern on said 
substrate, and;. 
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[Claim 5] It is the PETTSU bar sum according to individual of said 1st convergence 
group, said 2nd convergence group, and said part II part image formation optical system, 
respectively pi and p2 And p3 When it carries out, pl+p3 > While 0, p2 <0, and 
I pl+p2+p3 I <0.1 are materialized The scale factor from the pattern of said mask to said 
medium image is set to beta 12, and it is a scale factor from said medium image to said 
substrate top beta 3 Scanning reflective refraction projection aligner according to claim 
1 characterized by satisfying the conditions of 0.1 <=|betal2|<=2 and 0.1 
<= | beta3 I <=2 when it carries out. 

[Claim 6] It is the PETTSU bar sum according to individual of said 1st convergence 
group, said 2nd convergence group, said 3rd convergence group, and said 4th 
convergence group, respectively pi, p2, and p4 And p5 When it carries out, pl+p5 > 
While 0, p2+p4 <0, and I pl+p2+p4+p5 1 <0.1 are materialized The scanning reflective 
refraction projection aligner according to claim 2 characterized by satisfying the 
conditions of 0. 1 <= | beta 12 1 <=2 and 0. 1<= I beta45 I <=2 when the scale factor from the 
pattern of said mask to said medium image is set to beta 12 and the scale factor from 
said medium image to said substrate top is set to beta 45. 

[Claim 7] It is the PETTSU bar sum according to individual of said 1st convergence 
group - the aforementioned 5th convergence group, respectively pi p5 When it carries 
out, while pl+p3+p5 >0, p2+p4 <0, and I pl+p2+p3+p4+p5 I O.l are materialized When 
the scale factor from beta 3 and said 2nd medium image to said substrate top is set [ the 
scale factor from the pattern of said mask to said medium image ] to beta 45 for the 
scale factor from beta 12 and said medium image to said 2nd medium image, The 
scanning reflective refraction projection aligner according to claim 3 characterized by 
satisfying the conditions of 0.1 <= I betal2 1 <=2, 0.1 <= I beta3 1 <=2, and 0.1 
<= | beta45 1 <=2. 

[Claim 8] It is the PETTSU bar sum according to individual of said part I part image 
formation image formation optical system, said 1st convergence group, and said 2nd 
convergence group, respectively p3 and p4 And p5 When it carries out, p3+p5 > While 0, 
p4 <0, and I p3+p4+p5 I <0.1 are materialized It is a scale factor from the pattern of said 
mask to said medium image beta 3 Scanning reflective refraction projection aligner 
according to claim 4 characterized by satisfying the conditions of 0. 1 <= I beta3 I <=2 and 
0.1 <= I beta45 I <=2 when it carries out and the scale factor from said medium image to 
said substrate top is set to beta 45. 



DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the scanning reflective refraction 
projection aligner which has the resolution of a submicron unit in an ultraviolet-rays 
wavelength region by using the projection optical system which consists especially of 
catadioptric system about the so-called projection aligner of the slit scan exposure 
method used in case a semiconductor device or a liquid crystal display component is 
manufactured at a photolithography process. 
[0002] 

[Description of the Prior Art] In case a semiconductor device or a liquid crystal display 
component is manufactured at a photolithography process, a photo mask or the pattern 
image of reticle (it is hereafter named "reticle" generically) is reduced to about 1/5 
through a projection optical system, and the projection aligner exposed on the 
substrates (a wafer, glass plate, etc.) with which sensitization material (photoresist etc.) 
was applied is used. As for the projection aligner which can be burned in these patterns, 
what has more high resolution has been required as degrees of integration, such as a 
semiconductor device, improve increasingly. 

[0003] In order to satisfy this demand, wavelength (exposure wavelength) of exposure 
light must be short wavelength ized, or numerical aperture (NA) of a projection optical 
system must be enlarged. However, if exposure wavelength becomes short, since it is the 
exposure absorption of light, the optical glass which is equal to practical use will be 
restricted. If especially exposure wavelength is set to 300nm or less, the ** material 
which can be used practically will serve as only synthetic quartz and fluorite. Since it is 
not separated from it so that both Abbe number is enough to amend chromatic 
aberration, chromatic-aberration amendment becomes very difficult. Moreover, since, as 
for fluorite, change of the refractive index by the temperature change and the so-called 
temperature characteristic have many problems on processing of lens polish in the bad 
top, it cannot be used for many parts within a projection optical system. Therefore, it 
will become very difficult to constitute optical system only from refractive media and to 
produce a projection optical system. 

[0004] Then, to constitute optical system from a reflective system is tried, and this 
attempt is [ enlargement of optical system and aspheric surface -ization are needed in 
this case, and ] also very difficult. For this reason, the technique which constitutes a 
cutback projection optical system from so-called cata-dioptric system which combined 
the refractive media which consist of optical glass which is equal to an activity on a 
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reflective system and exposure wavelength is proposed variously. As the example, the 
cutback projection aligner equipped with the catadioptric system which bundles up 
using the flux of light near a shaft top, and projects the image of reticle is JP,51-27116,B 
and publication number by arranging a beam splitter in a projection optical system. It is 
indicated in 2 No. 66510 official report. 

[0005] If a semiconductor device is taken for an example about this, since the area of one 
chip pattern will tend to be enlarged recently in the projection optical system, it is also 
required that area of the exposure field which resolution is improved and also can be 
exposed at once should be enlarged. However, the exposure field is further enlarged on a 
design and manufacture by the projection optical system which enlarged resolution, and 
it is difficult. Moreover, when reflective refractive media are used, there is an 
inclination for the field where good image formation is performed to turn into a field of 
the shape of a long and slender rectangle or radii. Then, the so-called projection aligner 
of a slit scan exposure method attracts attention recently. In this slit scan exposure 
method, they are a rectangle and the thing which exposes the pattern of reticle on each 
exposure field (shot field) of a wafer serially circular or by scanning a wafer by rate 
beta V to that lighting field and an exposure field [****] synchronizing with scanning 
reticle at the rate of [ V ] predetermined to lighting fields (slit- like lighting field), such 
as the shape of a forward hexagon, using the projection scale factor of a projection 
optical system as beta. 

[0006] As an example of the projection optical system for the projection aligners of such 
a slit scan exposure method, there is ring visual field optical system which is indicated 
by JP,63-163319,A. Without exposing by package, it consists of this optical system so 
that only the zona-orbicularis section besides a shaft may be exposed. 
[0007] 

[Problem(s) to be Solved by the Invention] In the Prior art like the above, in the example 
which has arranged the beam splitter in a projection optical system, it is reflected by the 
wafer, the original optical path is re-reflected by reflective Miller of return and a 
concave surface, and the reflected light in the refracting interface of the optical system 
after a beam splitter and the image formation light irradiated by the wafer may arrive 
at a wafer side again. Therefore, there are many flares by these stray lights, and the 
absorption by the heterogeneity of the reflection property of a beam splitter and the 
beam splitter, the phase change in a beam splitter, etc. occur, and degradation of the 
image formation property resulting from these must be improved. However, since it was 
not generally able to improve, synthetic resolution deteriorated and it was not what is 
equal to an activity at all as an aligner for semi-conductor manufacture. 
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[0008] Moreover, in order to avoid a flare, in the example which uses the projection 
optical system which has similarly arranged the beam splitter, and is exposed by the slit 
scan exposure method, the utilization effectiveness of light is 25% - about 10% of low 
thing because of the quantity of light loss by the beam splitter. For example, when 
exposure light passes [ the ratio of the transmitted light and the reflected light ] the 
beam splitter twice using the beam splitter of 50% of 50% pairs, the quantity of light 
obtained will become 25%. Then, in order to improve lowering of the exposure energy by 
the low utilization effectiveness of such a light, when the quantity of light was raised, it 
was what has many technical problems by heat fluctuation becoming intense for 
utilization. That is, if it was going to compensate lowering of such the quantity of light 
with the increment in the quantity of light of incident light, since a very big difference 
would arise between the quantity of light which passes along the dioptric system in 
front of the incidence to a beam splitter, and the quantity of light which passes along the 
dioptric system after beam splitter passage, it was difficult for the difference by heat 
fluctuation of a dioptric lens to influence greatly, and to simply realize a good fixed 
image formation property. 

[0009] Moreover, it consists of examples using above-mentioned ring visual field optical 
system so that it may expose by the slit scan exposure method only using the 
zona orbicularis section besides a shaft without exposing by package. In this example, 
the axial outdoor daylight bundle is used so that incident light and the reflected light 
may not interfere mutually in the part of catoptric system. In this case, although it is 
necessary to make it each other flux of light not have KERARE therefore, it is difficult 
to enlarge numerical aperture. Furthermore, since an optical member served as an 
unsymmetrical configuration to an optical axis, processing of an optical member, 
inspection, and adjustment were difficult, and maintenance of precision ****** 
precision was difficult. 

[0010] This invention aims at offering the scanning reflective refraction projection 
aligner which was excellent in the image formation engine performance which used the 
reflective refraction projection optical system of the high numerical aperture which does 
not have KERARE of the flux of light unlike the ring visual field optical system which is 
constituted using a reflective system and refractive media, and exposes only the 
zona -orbicularis section using an axial outdoor daylight bundle, without using a beam 
splitter in view of this point. 
[0011] 

[Means for Solving the Problem] The 1st scanning reflective refraction projection 
aligner by this invention For example, as shown in drawing 1 and drawing 2 , it has the 



[JP,06-349699,A] 
Page 7 of 32 



projection optical system which projects the image of the pattern in the lighting field 
(23) of the shape of a slit in the pattern formed in the mask (21) on a substrate (25) side. 
By scanning a mask (21) in the predetermined direction to a slit-like lighting field (23), 
and scanning a substrate (25) to a slit-like lighting field (23) and an exposure field 
[ **** ] (27) synchronizing with a mask (21) In the projection aligner which carries out 
projection exposure of the image of the pattern of a mask (25) on a substrate (25) 
serially The part I part image formation optical system which carries out image 
formation of the medium image (24A) of the pattern of a mask (21) for the projection 
optical system, It constitutes from part II part image formation optical system (G3) 
which carries out image formation of the image (24B) of a medium image (24A) on a 
substrate (25). The 1st convergence group which has the forward refractive power which 
converges the flux of light from the pattern of the mask (21) in a slit-like lighting field 
(23) for the part I part image formation optical system (Gl), By reflecting the light of the 
2nd field which is aslant arranged to an optical axis, is made to pass the light of the 1st 
field, and is different from this 1st field The selection optical system which leads the 
flux of light from the 1st convergence group (Gl) to consecutive optical system (Ml), The 
2nd convergence group G2 with the forward refractive power which reflects the flux of 
light from selection optical system (Ml), and carries out image formation of the medium 
image (24A) of the pattern to the field (Si) of the shape of a slit in the 1st field of 
selection optical system (Ml), or the 2nd field including the lieberkuhn It constitutes 
more. 

[0012] Moreover, the 2nd scanning reflective refraction projection aligner of this 
invention For example, as shown in drawing 5 , the part II part image formation optical 
system is arranged at the rear face of selection optical system (Ml). The 2nd selection 
optical system which is made to pass the light of the 1st field corresponding to the 1st 
field of selection optical system (Ml), and reflects the light of the 2nd field of the rear 
face of the 2nd field (M4), The 3rd convergence group with the forward refractive power 
which reflects the flux of light from selection optical system (Ml), and returns light to 
the 1st field or 2nd field of the 2nd selection optical system (M4) including the 
lieberkuhn (G3), With the 4th convergence group (G4) with the forward refractive power 
which converges the flux of light from the 2nd selection optical system (M4), and carries 
out image formation of the image of the pattern on a substrate (25), it constitutes more. 
[0013] Moreover, the 3rd scanning reflective refraction projection aligner of this 
invention For example, the 3rd convergence group with the forward refractive power 
which converges the flux of light from the medium image for the part II part image 
formation optical system, and carries out image formation of the 2nd medium image of 
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the pattern as shown in drawing 6 (G3), By reflecting the light of the 2nd field which is 
aslant arranged to an optical axis, is made to pass the light of the 1st field, and is 
different from this 1st field The 2nd selection optical system which leads the flux of light 
of the 2nd medium image to consecutive optical system (M4), The 4th convergence 
group with the forward refractive power which reflects the flux of light firom the 2nd 
selection optical system (M4), and returns light to the 1st field or 2nd field of the 2nd 
selection optical system (M4) including the lieberkuhn (G4), With the 5th convergence 
group (G5) with the forward refractive power which converges the flux of light firom the 
2nd selection optical system (M4), and carries out image formation of the image of the 
pattern on a substrate (25), it constitutes more. 

[0014] Moreover, the 4th scanning reflective refraction projection aligner of this 
invention For example, as shown in drawing 3 , it has the projection optical system 
which projects the image of the pattern in the fighting field (23) of the shape of a slit in 
the pattern formed in the mask (21) on a substrate (25) side. By scanning a mask (21) in 
the predetermined direction to a slit like lighting field (23), and scanning a substrate 
(25) to a slit like lighting field (23) and an exposure field [ **** ] (27) synchronizing with 
a mask (21) In the projection aligner which carries out projection exposure of the image 
of the pattern of a mask (21) on a substrate (25) serially The part I part image formation 
optical system which carries out image formation of the medium image of the pattern of 
a mask (21) for the projection optical system (G3), It constitutes from part II part image 
formation optical system which carries out image formation of the image of the medium 
image on a substrate (25). While reflecting the light of the 2nd field which is aslant 
arranged to an optical axis in the part II part image formation optical system, is made 
to pass the light of the 1st field, and is different from this 1st field The selection optical 
system which image formation of the medium image is carried out to the field (S2) of the 
shape of a slit in these 1st fields or the 2nd field, and leads the flux of light of the 
medium image to consecutive optical system (M4), The 1st convergence group with the 
forward refractive power which reflects the flux of light from selection optical system 
(M4), and returns light to the 1st field or 2nd field of selection optical system (M4) 
including the lieberkuhn (G4), With the 2nd convergence group (G5) with the forward 
refractive power which converges the flux of light from selection optical system (M4), 
and carries out image formation of the image of the pattern on a substrate (25), it 
constitutes more. 

[0015] in this case, the 1st scanning reflective refraction projection aligner ( drawing 2 ) 
* setting the PETTSU bar sum according to individual of the 1st convergence group 
(Gl), the 2nd convergence group (G2), and the part II part image formation optical 
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system (G3) - respectively - pi and p2 And p3 ****** -- the scale factor from a mask to 
a medium image is set to beta 12. In the 2nd scanning reflective refraction projection 
aligner ( drawing 5 ) Moreover, the 1st convergence group (Gl), the PETTSU bar sum 
according to individual of the 2nd convergence group (G2) ; the 3rd convergence group 
(G3), and the 4th convergence group (G4) - respectively - pi, p2, and p4 And p5 ****** 
- the scale factor of the first image formation from a mask to a medium image — the 
scale factor from beta 12 and a medium image to a substrate - beta 3 ** - it carries out. 
[0016] Similarly it sets to the 3rd scanning reflective refraction projection aligner 
( drawing 6 ). The 1st convergence group (Gl), the PETTSU bar sum according to 
individual of the 2nd convergence group (G2), the 3rd convergence group (G3), the 4th 
convergence group (G4), and the 5th convergence group (G5) - respectively - pi, p2, p3, 
and p4 And p5 ****** - The scale factor of the 3rd image formation from beta 3 and the 
2nd medium image to a substrate top is set [ the scale factor of the first image 
formation ] to beta 45 for the scale factor of the second image formation from beta 12 
and a medium image to the 2nd medium image, moreover, the 4th scanning reflective 
refraction projection aligner ( drawing 3 ) ■ setting - the PETTSU bar sum according to 
individual of the part I part image formation optical system (G3), the 1st convergence 
group (G4), and the 2nd convergence group (G5) - respectively p3 and p4 And p5 
****** - the scale factor of the second image formation from beta 3 and a medium image 
to a substrate top is set to beta 45 for the scale factor of the first image formation. In 
this case, it is desirable to satisfy the following relation. However, the PETTSU bar sum 
about the convergence group or partial image formation optical system which is not 
included regards it as 0, and applies the following formulas. 
[0017] 

pl+p3+p5>0 (1) 
p2+p4 <0 (2) 

Ipl+p2+p3+p4+p5 | <0.1 (3) 
0.1<=|betal2|<=2 (4) 
0.1 <=|beta3 \<=2 (5) 
0.1<=|beta45|<=2 (6) 
[0018] 

[Function] According to the 1st scanning reflective refraction projection aligner 
( drawing 1 , drawing 2 ) of this this invention When the scale factor of a projection 
optical system is set to beta, a mask (21) is scanned at a rate V in the direction of SR to 
a slit- like lighting field (23). By scanning a substrate (25) by rate beta-V in the SW 
direction to a slit-like lighting field (23) and an exposure field [ **** ] (27), the image of 



[JP,06-349699,A] 
Page 10 of 32 



the pattern in the pattern space (22) of a mask (21) is serially exposed in the exposure 
field (26) of a substrate (25). 

[0019] Moreover, in a projection optical system, since the optical path of the 
illumination light is bent according to selection optical system (Ml), the beam splitter is 
not used. As selection optical system, Miller in whom slit-like opening was formed, or 
slit-like Miller can be used. Therefore, degradation of the image formation property 
resulting from the heterogeneity of the reflection property in a beam splitter, absorption, 
a phase change, etc. is lost in the flare and list resulting from a beam splitter, and 
synthetic resolution improves. Moreover, since there is little loss of the flux of light in 
selection optical system (Ml), the utilization effectiveness of the illumination light is 
high. 

[0020] Moreover, since he is trying to expose the whole inside of a slit-like exposure field 
(27) by this invention unlike the ring visual field optical system which exposes only the 
zona-orbicularis section only using an axial outdoor daylight bundle, there is no 
KERARE of the flux of light. Therefore, being easy of high numerical aperture becomes 
processing of an optical member, inspection, and adjustment being easy, and performing 
maintenance of precision ****** precision possible, moreover, the above operation 
effectiveness the 2- of this invention •- it is common also about the 4th scanning 
reflective refraction projection aligner. 

[0021] Furthermore, in this invention, in order to improve the engine performance of a 
projection optical system, the PETTSU bar sum of the whole projection optical system 
must be first made into the zero neighborhood. If there is no PETTSU bar sum in the 
zero neighborhood, a projection image side will not become flat but will become the 
curved thing, such - PETTSU - a bar the sum - zero - the neighborhood - carrying 
out a sake - conditions - a **** -- (-- one --) -• a formula - (-- three --) -- a formula - 
conditions it is ■■ (■■ one --) — a formula - (■■ three --) ** a formula — conditions - being 
satisfied - making - things the deflection of optical-character ability, especially the 
image surface - protecting — surface smoothness - good - becoming . 
[0022] (3) If it separates from the upper limit of a formula, the image surface will curve 
on a concave surface at a substrate (25) side, if the minimum of (3) types is exceeded, 
the image surface will curve to a substrate (25) side at a convex, and both image 
formation engine performance will deteriorate remarkably. Moreover, the scale factor 
beta 12 of the first image formation, the scale factor beta 3 of the second image 
formation, and the scale factor beta 45 of the 3rd image formation can constitute a 
projection optical system reasonable, when satisfying the conditions of a (4) type - (6) 
type. (4) If it separates from the minimum of a formula - (6) type, a cutback scale factor 
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will be applied too much and wide range exposure will become difficult. Moreover, when 
it separates from the upper limit of a (4) type - (6) type, a scale factor will be expanded 
too much and it will be contrary like an original activity eye. 

[0023] moreover, the location of selection optical system (for example, Ml of drawing 1 ) 
and the location of the entrance pupil of a projection optical system, and an exit pupil - 
about - if it is made to do one, since the covered part on a pupil will not change to a body 
high change, it continues all over the image surface and change of the image formation 
engine performance is lost. 
[0024] 

[Example] Hereafter, with reference to a drawing, it explains per various examples of 
this invention. The following examples apply this invention to the projection aligner 
projected for a predetermined scale factor (actual size is included) on the wafer by which 
the image of the pattern of reticle was applied to the photoresist by the slit scan 
exposure method through the projection optical system. 

[0025] Lens arrangement of a projection optical system is expressed with the following 
examples in expansion optical-path drawing, as shown in drawing 8 . In expansion 
optical-path drawing, a reflector is expressed as a transparency side and each optical 
element is arranged by the order which the light from reticle 21 passes. Moreover, in the 
part (for example, M21) of the lieberkuhn, a plane virtual side (for example, the 12th 
page rl2) is used. And as it is shown in drawing 8 since the configuration and spacing of 
a lens are expressed for example It is the radius of curvature ri of the ith page as the 
ith page (i= 1, 2, ....) one by one about the field through which it will pass by the time 
the light which made the pattern side of reticle 21 the 0th page, and was injected from 
reticle 21 reaches a wafer 25. A sign just takes the case of a convex to reticle 21 in 
expansion optical-path drawing. Moreover, it is di about the spacing of the i-th page and 
a ** (i+l) side. It carries out. 

[0026] Moreover, it is CaF2 as ** material. Fluorite and Si02 Quartz glass is expressed, 
respectively. The refractive index to the criteriaforuse-of-food-additives wavelength 
(248nm) of quartz glass and fluorite is as follows. 

Quartz glass: 1.508327 Firefly Stone : When 1.467845, however 
criteria-for-use of-food additives wavelength are 193nm, the refractive index of quartz 
glass is as follows. 

Quartz glass: 1.56100 [0027] The outline configuration of the projection aligner of the 
1st example of [the 1st example] is shown in drawing 1 and drawing 2 . In drawing 1 , 
the exposure light IL from the illumination light study system by which the graphic 
display abbreviation was carried out is irradiated by the lighting field 23 of the long and 
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slender rectangle on the pattern space 22 of reticle 21. Focal distance fl which the light 
from the pattern 24 in the lighting field 23 becomes from a dioptric lens group The 1st 
convergence group Gl It passes, is installed at 45 degrees to an optical axis, and is the 
opening Si long and slender in the center. Formed flat-surface Miller Ml It reaches. 
Flat surface Miller Ml Formed long and slender opening Si The direction is parallel to 
the longitudinal direction of the lighting field 23. The long and slender opening Si 
Width of face is flat-surface Miller Ml of the flux of light which carries out incidence. It 
is set as extent which becomes narrower [ the upper width of face ] than 10% - 20%. 
Moreover, in order to abolish the directivity of an image formation property, he is 
flat-surface Miller Ml. Upwards long and slender opening SI The long and slender 
protection-from light regions 28 and 29 may be formed in the direction which intersects 
perpendicularly. 

[0028] Flat- surface Miller Ml Focal distance f2 which consists of a reflective dioptric 
lens group after being reflected The 2nd convergence group G2 The reflected flux of 
light A is flat-surface Miller Ml. Long and slender opening Si Inside, image formation 
of the medium image 24A of a pattern 24 is carried out. Opening Si with the long and 
slender flux of light from the medium image 24A Focal distance f3 which consists of a 
dioptric lens group after passing 3rd convergence group G3 It minds and image 
formation of the image 24B of medium image 24A is carried out on the exposure field 
(shot field) 26 of a wafer 25. Projection exposure of the image of the pattern of the 
pattern space 22 of reticle 21 is serially carried out into the exposure field 26 of a wafer 
25 by scanning a wafer 25 by rate beta-V in the direction of SR, and the SW direction 
[ **** ] to the lighting field 23 and the exposure field 27 of the shape of a slit [ **** ] 
synchronizing with scanning reticle 21 at a rate V in the direction of SR vertical to the 
longitudinal direction of the lighting field 23, using the projection scale factor of the 
whole projection optical system as beta. The projection scale factor beta of the projection 
optical system of this 1st example is 1/4. 

[0029] As drawing 2 shows the stage device of the 1st example and shows it to this 
drawing 2 , reticle 21 is scanned by the reticle stage 30 in the direction of SR to the 
lighting field 23, and the main control system 31 sets up the scan speed of a reticle stage 
30, the timing of a scan, etc. through the reticle stage control system 32. Moreover, a 
wafer 25 is scanned by the wafer stage 33 in the SW direction to the exposure field 27, 
and the main control system 31 sets up the scan speed of the wafer stage 33, and the 
timing of a scan through the wafer UTE JI control system 34. The main control system 
31 adjusts relative velocity of reticle 21 and a wafer 25, while taking the 
synchronization of a scan of reticle 21 and a wafer 25. Moreover, it is parallel to the 
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space of drawing 2 , and the optical axis of a projection optical system is the longitudinal 
direction of the lighting field 23/ and flat- surface Miller Ml. Long and slender opening 
SI A longitudinal direction is a direction vertical to both the space of drawing 2 , and is 
flat-surface Miller Ml. 45 degrees is rotating to the optical axis of a projection optical 
system centering on a shaft vertical to the space of drawing 2 . 

[0030] As drawing _8 shows expansion optical-path drawing of the projection optical 
system of the 1st example and shows it to this drawing 8 The 1st convergence group Gl 
which the light from the pattern on reticle 21 becomes from four dioptric lenses Pass. 
Flat-surface Miller Ml installed in the center at 45 degrees to the optical axis with long 
and slender opening After being reflected by the periphery The 2nd convergence group 
G2 which consists of lieberkuhn M21 and a negative meniscus lens L21 arranged before 
that It results and is the 2nd convergence group G2. The reflected light is flat-surface 
Miller Ml. Image formation of the medium image of the pattern is carried out into 
opening. And 3rd convergence group G3 which the light from this medium image 
becomes from 14 dioptric lenses It passes and image formation of the image of that 
pattern is carried out to the front face of a wafer 25. 

[0031] Moreover, the 1st convergence group Gl Sequentially from a reticle 21 side, it 
consists of the positive meniscus lens Lll which turned the convex to reticle 21, a 
negative meniscus lens L12 which turned the convex to reticle 21, a biconvex lens (only 
henceforth a "convex lens") L13, and a biconcave lens (only henceforth a "concave lens") 
L14, and is 2nd convergence group G3. The negative meniscus lens L21 and lieberkuhn 
M2 which turned the concave surface to reticle 21 It becomes, moreover, 3rd 
convergence group G3 To reticle 21, a concave surface To the turned positive meniscus 
lens L31 and reticle 21, a concave surface To the turned positive meniscus lens L32, a 
convex lens L33, the negative meniscus lens L34 which turned the convex to reticle 21, a 
convex lens L35, a convex lens L36, the negative meniscus lens L37 that turned the 
concave surface to reticle 21, a convex lens L38, and reticle 21, a convex The turned 
positive meniscus lens L39, negative meniscus lens [ which turned the concave surface 
to reticle 21 ] L3A, It consists of negative meniscus lens L3E which turned the convex to 
positive meniscus lens L3D and reticle 21 which turned the convex to convex lens L3B, 
negative meniscus lens L3C which turned the convex to reticle 21, and reticle 21. 
[0032] That is, the image formation scale factor of this example of 1/4 time and 
numerical aperture is [ 0.4 and the body high ] 20mm. Moreover, a dioptric lens uses a 
fused quartz and the chromatic aberration of a shaft top and a scale factor is amended 
to wavelength width of face of lnm in the wavelength of 193nm of ultraviolet-rays 
excimer laser. Moreover, since the projection optical system of the outstanding engine 
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performance by which spherical aberration, comatic aberration, astigmatism, and 
distortion were amended by fitness to the condition almost near non-aberration is 
offered, even if it uses optical system 2 to 3 times, carrying out proportion amplification, 
the good engine performance can be held. 

[0033] The radius of curvature ri in the 1st example, and spacing di And ** material is 
shown in the following table 1. In the following tables, the 12th page is a virtual side for 
expressing the lieberkuhn in expansion optical-path drawing. 
[0034] 
[A table l] 
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[0035] Moreover, in drawing 9 (a) - (c), longitudinal aberration drawing of the 1st 
example and drawing 9 (c) show chromaticaberrationof-magnification drawing of the 
1st example, and drawing 9 (e) shows transverse aberration drawing of the 1st example. 
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These aberration drawing shows that many aberration is amended good in the field of a 
large image circle, although a numerical aperture is as large as 0.4 also in this example. 
Moreover, chromatic aberration is also amended good. 

[0036] Flat surface Miller Ml for whom opening almost long and slender to a part for a 
center section was prepared instead of the old beam splitter according to this example 
as mentioned above in order to separate incoming beams and a reflected light bundle as 
shown in drawing 1 The first image formation by the 2nd convergence group G2 which 
uses and is mainly concerned with the lieberkuhn is flat surface Miller Ml. Opening Si 
It arranges so that it may come. And the flat surface Miller Ml Opening Si To the 
passed flux of light, it is 3rd convergence group G3. The second image formation is 
carried out. Therefore, the great portion of flux of light can be used for image formation, 
without using the beam splitter which becomes causes, such as a flare. 
[0037] Moreover, he is flat- surface Miller Ml about the image of the pattern in the 
slit like lighting field 23. Long and slender opening Si Since KERARE of the flux of 
light by the first image formation serves as a covered part of the shape of a slit long and 
slender in the direction of a right angle to a scanning direction in order to carry out 
image formation inside, there is little effect on the image formation engine performance. 
[0038] [2nd example] drawing 4 and drawing 5 show the outline configuration of the 
projection aligner of this 2nd example, give the same sign to the part corresponding to 
drawing 1 and drawing 2 in this drawing 4 and drawing 5 , and omit that detail 
explanation. Focal distance fl which the exposure light IL from the illumination light 
study system by which the graphic display abbreviation was carried out is irradiated by 
the lighting field 23 of the long and slender rectangle on reticle 21 in drawing 4 , and the 
light from the pattern 24 in the lighting field 23 becomes from a dioptric lens group The 
1st convergence group Gl It passes, is installed at 45 degrees to an optical axis, and is 
the opening Si long and slender in the center. Formed flat surface Miller Ml It reaches. 
Flat surface Miller Ml In a rear face, he is flat surface Miller M4. It is joined and he is 
flat surface Miller Ml. Opening SI He is flat surface Miller M4 as it is. Opening S2 It 
has become. 

[0039] Flat- surface Miller Ml Focal distance f2 which consists of a reflective dioptric 
lens group after being reflected The 2nd convergence group G2 The reflected flux of 
light A is flat surface Miller Ml. Long and slender opening SI Inside, image formation 
of the medium image 24A of a pattern 24 is carried out. It is injected from the medium 
image 24A, and is opening Si. And flat surface Miller M4 Opening S2 Focal distance f3 
which consists of a reflective dioptric lens group after passing 3rd convergence group G3 
The reflected flux of light B is flat-surface Miller M4. It returns. And flat surface Miller 



[JP,06-349699,A] 
Page 17 of 32 



M4 Focal distance f4 which the reflected flux of light becomes from a dioptric lens group 
The 4th convergence group G4 It minds and image formation of the image 24B of 
medium image 24A is carried out on a wafer 25. 

[0040] Projection exposure of the image of the pattern of reticle 21 is serially carried out 
into the exposure field 26 of a wafer 25 by scanning a wafer 25 by rate beta-V in the SW 
direction to the slit-like exposure field 27 synchronizing with scanning reticle 21 at a 
rate V in the direction of SR to the lighting field 23, using the projection scale factor of 
the whole projection optical system as beta. The projection scale factor beta of the 
projection optical system of this 2nd example is 1/5. 

[0041] As drawing 5 shows the stage device of the 2nd example and shows it to this 
drawing 5 It is parallel to the space of drawing 5 , and the optical axis of a projection 
optical system is the longitudinal direction of the lighting field 23 and flat- surface 
Miller Ml, and M4. The long and slender opening Si and S2 A longitudinal direction is a 
direction vertical to both the space of drawing 5 . Flat- surface Miller Ml and M5 45 
degrees is rotating to the optical axis of a projection optical system centering on a shaft 
vertical to the space of drawing 5 . The configuration of a stage is the same as that of the 
1st example. 

[0042] As drawing 10 shows expansion optical-path drawing of the projection optical 
system of the 2nd example and shows it to this drawing 10 The 1st convergence group 
Gl which the light from the pattern on reticle 21 becomes from nine dioptric lenses Pass. 
Flat-surface Miller Ml installed in the center at 45 degrees to the optical axis with long 
and slender opening After being reflected by the periphery, The 2nd convergence group 
G2 which consists of lieberkuhn M21 and a negative meniscus lens L21 arranged before 
that It results and is the 2nd convergence group G2. The reflected light is flat-surface 
Miller Ml. Image formation of the medium image of the pattern is carried out into 
opening. And 3rd convergence group G3 which the light from this medium image 
becomes from the lieberkuhn M31 and the negative meniscus lens L31 arranged before 
that It results and is 3rd convergence group G3. The reflected light is flat-surface Miller 
M4. The 4th convergence group G4 which consists of nine dioptric lenses after being 
reflected It passes and image formation of the image of that pattern is carried out to the 
front face of a wafer 25. 

[0043] Moreover, the 1st convergence group Gl Sequentially from a reticle 21 side To 
reticle 21, a convex To the turned negative meniscus lens Lll, a convex lens L12, the 
negative meniscus lens L13 which turned the convex to reticle 21, the negative 
meniscus lens L14 which turned the convex to reticle 21, the negative meniscus lens 
L15 which turned the convex to reticle 21, and reticle 21, a concave surface It consists of 
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positive meniscus lenses L19 which turned the convex to the turned positive meniscus 
lens -L 16, a convex lens L 17, the negative meniscus lens L18 which turned the concave 
surface to reticle 21, and reticle 21. The 2nd convergence group G2 It consists of the 
negative meniscus lens L21 and lieberkuhn M21 which turned the concave surface to 
reticle 21. 

[0044] moreover, 3rd convergence group G3 the negative meniscus lens L31 and 
lieberkuhn M31 which turned the concave surface to reticle 21 -- becoming the 4th 
convergence group G4 To a convex lens L41 and reticle 21, a concave surface To the 
turned negative meniscus lens L42 and reticle 21, a convex It consists of the turned 
positive meniscus lens L43, the positive meniscus lens L44 which turned the convex to 
reticle 21, the negative meniscus lens L45 which turned the convex to reticle 21, the 
convex lens L46, a concave lens L47, a convex lens L48, and a concave lens L49. 
[0045] Moreover, the projection scale factor of a projection optical system of the 
numerical aperture NAby the side of 1/5 time and an image is [ 0.4 and the body high ] 
100mm. And a dioptric lens uses a fused quartz and fluorite, and the chromatic 
aberration of a shaft top and a scale factor is amended to wavelength width of face of 
lnm in the wavelength of 248nm of ultraviolet-rays excimer laser. Moreover, the 
projection optical system of the outstanding engine performance by which spherical 
aberration, comatic aberration, astigmatism, and distortion were also amended good is 
offered. 

[0046] The radius of curvature ri in the 2nd example, and spacing di And ** material is 

shown in the following table 2. In the following tables, the 21st page and the 27th page 

are virtual sides for expressing the lieberkuhn in expansion optical-path drawing, 

respectively. 

[0047] 

[A table 2] 



[JP,06-349699,A] 
Page 19 of 32 



i 


r i 




material 


i 


r i 


a i 


TTlfltPT"ial 

111 Gl J. Gl-L 


n 
U 










£0 


OOO AC 

-883. 1)5 


34, 0 


O 1 Da 


i 
1 




on n 


s 


1 Oa 


oa 
ao 


-5 1 43* ^b 


O A A 

z4, 0 




o 


QQO OCT 

ooo* OO 


o. U 








OO 


A A 

0, 0 




A 

6 


0>IO £M 

o4o. fal 


ci a 

51. 0 


s 


1 Oa 


OO 

28 


OA A AA 

833, 20 


O A A 

24.0 




A 

4 


ACT/"* OCT 

"956. 35 


1.0 






29 


rr? j n oo 

5743. 26 


34.0 


S 1 Oa 


r- 

5 


o43. 35 


36, 0 


s 


i 0 3 


OA 

30 


O AO OC 

883, 05 


AAA 

860. 5 




o 
6 


OArv OT 

306. 37 


13. 0 






A 1 

31 


tTA A OA 

528, 80 


AA A 

60.0 


C a F 2 


7 


331. 41 


47. 0 


s 


i Oa 


AO 

32 


-447. 01 


7.0 




8 


rrnn a a 

700* 66 


597« 0 






33 


-368. 84 


oo o 

20.0 




n 
9 


i aoa vit 

1680. 47 


a a a 

30. 0 


s 


i 0 2 


A J 

34 


-1406. 21 


1.0 




1 A 

10 


487* 83 


40. 0 






35 


256. 78 


50.0 


C a Fa 


ll 


-832, 45 


OO r\ 

60. 0 


s 


i 0 2 


36 


2448. 55 


1.0 




12 


-424* 04 


100. 0 






fin 

37 


195. 15 


56.0 


C a Fa 


13 


J i AO nf7 

4193* 07 


oo o 

60. 0 


s 


i 0 2 


OO 

38 


738. 72 


5.8 




14 


-1389. 72 


i a a 

19. 0 






OA 

39 


OO A O J ^ 

2843. 45 


fto o 

20.0 




15 


AA7 A A 

-697* 68 


40. 0 


s 


i 0 2 


A O 

40 


120. 29 


5.0 




lb 


1 O 1 O. O 1 

-lold. bl 


A A 

3, u 






41 


1 O 1 O 1 

12L 81 


OO o 

60.0 


C a F a 


17 


690. 96 


60, 0 


s 


i Oa 


A O 

42 


-833. 90 


1 — o 

5,0 




1 a 

18 


a 4 r»n o i 

2468. 91 


ooo O 

890. 2 






J o 

43 


J Or" O -4 

-495. 91 


24.0 


r\ ♦ **** 

S I Oa 


19 


-828.71 


34,0 


s 


i Oa 


44 


2014.55 


4.0 




20 


-3464. 81 


24.0 






45 


117. 12 


36.0 


C a F a 


21 


OO 


0.0 






46 


-1170.37 


4.0 




22 


858. 47 


24.0 






47 


-2005. 41 


20.0 


S i Oa 


23 


3464.81 


34.0 


s 


i 0 2 


48 


886. 78 


23.9 




24 


828.71 


1296. 7 















[0048] Moreover, in drawing 11 (a) - (c), longitudinal aberration drawing of the 2nd 
example and drawing 11 (c) show chromatic-aberration of magnification drawing of the 
2nd example, and drawing 11 (e) shows transverse aberration drawing of the 2nd 
example. These aberration drawing shows that many aberration is amended good in the 
field of a large image circle, although a numerical aperture is as large as 0.4 also in this 
example. Moreover, chromatic aberration is also amended good. 
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[0049] [3rd example] drawing 6 shows the outline configuration of the projection aligner 
of this 3rd example, gives the same sign to the part corresponding to drawing 1 and 
drawing 2 in this drawing 6 , and omits that detail explanation. Focal distance fl which 
the exposure light IL from the illumination-light study system by which the graphic 
display abbreviation was carried out is irradiated by the lighting field 23 of the long and 
slender rectangle on reticle 21 in drawing 6 , and the light from the pattern in the 
lighting field 23 becomes from a dioptric lens group The 1st convergence group Gl It 
passes, is installed at 45 degrees to an optical axis, and is the opening SI long and 
slender in the center. Formed flat-surface Miller Ml It reaches. 

[0050] Flat-surface Miller Ml Focal distance f2 which consists of a reflective dioptric 
lens group after being reflected The 2nd convergence group G2 The reflected flux of 
light is flat surface Miller Ml. Long and slender opening Si Inside, image formation of 
the 1st medium image of a pattern 24 is carried out. Focal distance f3 which the flux of 
light which was injected from the 1st medium image and passed opening Si becomes 
from a dioptric lens group Convergence group G3 It passes and he is flat-surface Miller 
Ml. Flat surface Miller M4 installed in parallel Central long and slender opening S2 
Image formation of the 2nd medium image is carried out inside. Focal distance f4 which 
the flux of light from this 2nd medium image becomes from a reflective dioptric lens 
group The 4th convergence group G4 It is reflected and he is flat-surface Miller M4. It 
returns. And flat- surface Miller M4 Focal distance f5 which the reflected flux of fight 
becomes from a dioptric lens group The 5th convergence group G5 It minds and image 
formation of the image of the 2nd medium image is carried out on a wafer 25. 
[0051] Synchronizing with scanning reticle 21 at a rate V in the direction of SR to the 
lighting field 23, projection exposure of the image of the pattern of reticle 21 is serially 
carried out into the exposure field of a wafer 25 by scanning a wafer 25 by rate beta V in 
the SW direction to the slit-like exposure field 27. The projection scale factor beta of the 
projection optical system of this 3rd example is 1/4. 

[0052] As drawing 12 is expansion optical path drawing of the projection optical system 
of the 3rd example and it is shown in this drawing 12 The 1st convergence group Gl 
which the light from the pattern on reticle 21 becomes from four dioptric lenses Pass. 
Flat-surface Miller Ml installed in the center at 45 degrees to the optical axis with 
opening After being reflected by the periphery, The 2nd convergence group G2 which 
consists of the 1st lieberkuhn M21 and a negative meniscus lens It results and is the 
2nd convergence group G2. The reflected light is flat surface Miller Ml. Image 
formation of the 1st medium image of the pattern is carried out into opening. And 3rd 
convergence group G3 which the light from this 1st medium image becomes from 16 



[JP,06-349699,A] 
Page 21 of 32 



dioptric lenses Pass. Flat-surface Miller M4 installed in the center at 45 degrees to the 
optical axis with opening Image formation of the 2nd medium image of the pattern is 
carried out into opening. The 4th convergence group G4 which the light from this 2nd 
medium image becomes from the 2nd lieberkuhn M41 and a negative meniscus lens It 
results and is the 4th convergence group G4. The reflected light is flat- surface Miller 
M4. It is reflected on the outskirts. Thus, the 5th convergence group G5 which the 
reflected light becomes from five dioptric lenses It passes and image formation of the 
image of the pattern is carried out to the front face of a wafer 25. 

[0053] Moreover, as shown in drawing 12 , it is the 1st convergence group Gl. It consists 
of negative meniscus lenses L14 which turned the convex to the positive meniscus lens 
Lll which turned the concave surface to reticle 21, the negative meniscus lens L12 
which turned the convex to reticle 21, a convex lens L13, and reticle 21 sequentially 
from the reticle 21 side, and is 2nd convergence group G3. It consists of the negative 
meniscus lens L21 and lieberkuhn M21 which turned the concave surface to reticle 21. 
Moreover, 3rd convergence group G3 To reticle 21, a concave surface To the turned 
negative meniscus lens L31 and reticle 21, a concave surface To the turned positive 
meniscus lens L32 and reticle 21, a concave surface To the turned negative meniscus 
lens L33 and reticle 21, a concave surface The turned positive meniscus lens L34, the 
negative meniscus lens L35 which turned the convex to reticle 21, the positive meniscus 
lens L36 which turned the concave surface to reticle 21, the positive meniscus lens L37 
which turned the concave surface to reticle 21, a convex lens L38, a convex lens L39, 
convex lens L3A, Positive meniscus lens L3B which turned the convex to reticle 21, 
negative meniscus lens L3C which turned the concave surface to reticle 21, It consists of 
positive meniscus lens L3G which turned the convex to positive meniscus lens L3D 
which turned the convex to reticle 21, concave lens L3E, convex lens L3F, and reticle 21. 
[0054] and the 4th convergence group G4 the negative meniscus lens L41 and the 2nd 
lieberkuhn M41 which turned the concave surface to reticle 21 - becoming the 5th 
convergence group G5 To reticle 21, a convex To the turned positive meniscus lens L51 
and reticle 21, a convex It consists of positive meniscus lenses L55 which turned the 
convex to the turned negative meniscus lens L52, the positive meniscus lens L53 which 
turned the convex to reticle 21, the negative meniscus lens L54 which turned the 
concave surface to reticle 21, and reticle 21. 

[0055] In this operation mold, the projection scale factor of a projection optical system of 
the numerical aperture NA by the side of 1/4 time and an image is [0.5 and the body 
high ] 20mm. Moreover, a dioptric lens uses a fused quartz and the chromatic aberration 
of a shaft top and a scale factor is amended to wavelength width of face of lnm in the 
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wavelength of 193nm of ultraviolet-rays excimer laser. Moreover, since the projection 

optical system of the outstanding engine performance by which spherical aberration, 

comatic aberration, astigmatism, and distortion were amended by fitness to the 

condition almost near non- aberration is offered, even if it uses optical system 2 to 3 

times, carrying out proportion amplification, the good engine performance can be held. 

[0056] The radius of curvature ri in the 3rd example, and spacing di And ** material is 

shown in the following table 3. In the following tables, the 12th page and the 49th page 

are virtual sides for expressing the lieberkuhn in expansion optical-path drawing, 

respectively. 

[0057] 

[A table 3] 
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[0058] Moreover, in drawing 13 (a) - (c), longitudinal aberration drawing of the 3rd 
example and drawing 13 (c) show chromaticaberrationofmagnification drawing of the 
3rd example, and drawing 13 (e) shows transverse aberration drawing of the 3rd 
example. These aberration drawing shows that many aberration is amended good in the 
field of a large image circle, although a numerical aperture is as large as 0.5 also in this 
example. Moreover, chromatic aberration is also amended good. 

[0059] In addition, flat- surface Miller Ml who has long and slender opening in the 
center in this 3rd example And M4 It can replace by respectively long and slender 
flat- surface Miller. It is the modification of the projection aligner of the 3rd example 
shown in drawing 6 , it sets to this drawing 7 , and drawing 7 is flat- sin-face Miller Ml of 
drawing 6 . And M4 It has replaced by respectively long and slender flat-surface Miller 
Ml ' and M4 '. It sets to drawing 7 and the light from the pattern in the lighting field 23 
is the 1st convergence group Gl. It passes and long and slender flat-surface Miller Ml' 
installed at 45 degrees to the optical axis is reached. The 2nd convergence group G2 
after passing through the side face of flat- surface Miller Ml ' The reflected flux of light 
carries out image formation of the 1st medium image of a pattern 24 into flat-surface 
Miller Ml '. The flux of light reflected from the 1st medium image in the flat-surface 
Miller Ml 1 is convergence group G3. It passes and image formation of the 2nd medium 
image is carried out into long and slender flat- surface Miller M4 ' installed in 
flat- surface Miller Ml ' by parallel. The flux of light reflected from this 2nd medium 
image is the 4th convergence group G4. It is reflected and returns to flat-surface Miller 
M4 \ And the flux of light which passed through the side face of flat-surface Miller M4 ' 
is the 5th convergence group G5. It minds and image formation of the image of the 2nd 
medium image is carried out on a wafer 25. According to the example of this drawing 7 , 
since flat-surface Miller Ml ' long and slender as selection optical system and M4 * are 
used, manufacture of selection optical system is easy. 

[0060] [4th example] drawing 3 shows the outline configuration of the projection aligner 
of this 4th example, gives the same sign to the part corresponding to drawing 1 and 
drawing 2 in this drawing 3 , and omits that detail explanation. Focal distance f3 which 
the exposure light IL from the illumination-light study system by which the graphic 
display abbreviation was carried out is irradiated by the lighting field 23 of the long and 
slender rectangle on reticle 21 in drawing 3 , and the light from the pattern in the 
lighting field 23 becomes from a dioptric lens group 3rd convergence group G3 It passes 
and he is flat-surface Miller M4. Central long and slender opening S2 Image formation 
of the medium image is carried out inside. Focal distance f4 which the flux of light from 
this medium image becomes from a reflective dioptric lens group The 4th convergence 
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group G4 It is reflected and he is flat- surface Miller M4. It returns. And flat- surface 
Miller M4 Focal distance f5 which the reflected flux of light becomes from a dioptric lens 
group The 5th convergence group G5 It minds and image formation of the image of a 
medium image is carried out on a wafer 25. 

[0061] Synchronizing with scanning reticle 21 at a rate V in the direction of SR to the 
lighting field 23, projection exposure of the image of the pattern of reticle 21 is serially 
carried out into the exposure field of a wafer 25 by scanning a wafer 25 by rate beta V in 
the SW direction to the slit-like exposure field 27. The projection scale factor beta of the 
projection optical system of this 4th example is 1/4. 

[0062] As drawing 14 is expansion optical-path drawing of the projection optical system 
of the 4th example and it is shown in this drawing 14 3rd convergence group G3 which 
the light from the pattern on reticle 21 becomes from 16 dioptric lenses Pass. 
Flat-surface Miller M4 installed in the center at 45 degrees to the optical axis with 
opening Image formation of the medium image of the pattern is carried out into opening. 
The 4th convergence group G4 which the light from this medium image becomes from 
the lieberkuhn M41 and a negative meniscus lens The light which resulted and was 
reflected by the 4th convergence group G4 is flat-surface Miller M4. It is reflected on the 
outskirts. Thus, the 5th convergence group G5 which the reflected light becomes from 
five dioptric lenses It passes and image formation of the image of the pattern is carried 
out to the front face of a wafer 25. 

[0063] Moreover, as shown in drawing 14 , it is 3rd convergence group G3. Sequentially 
from reticle 21 To reticle 21, a convex To the turned negative meniscus lens L31 and 
reticle 21, a convex To the turned negative meniscus lens L32 and reticle 21, a concave 
surface To the turned negative meniscus lens L33 and reticle 21, a convex The turned 
negative meniscus lens L34, the positive meniscus lens L35 which turned the concave 
surface to reticle 21, a convex lens L36, the positive meniscus lens L37 which turned the 
concave surface to reticle 21, a convex lens L38, the positive meniscus lens L39 which 
turned the concave surface to reticle 21, convex lens L3A, It consists of convex lens L3B, 
negative meniscus lens L3C which turned the concave surface to reticle 21, negative 
meniscus lens L3D which turned the convex to reticle 21, concave lens L3E, convex lens 
L3F, and convex lens L3G. 

[0064] And the 4th convergence group G4 It consists of the negative meniscus lens L41 
and lieberkuhn M41 which turned the concave surface to reticle 21, and is the 5th 
convergence group G5. It consists of negative meniscus lenses L55 which turned the 
convex to the positive meniscus lens L51 which turned the convex to reticle 21, the 
negative meniscus lens L52 which turned the convex to reticle 21, the positive meniscus 
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lens L53 which turned the convex to reticle 21, the positive meniscus lens L54 which 
turned the concave surface to reticle 21, and reticle -21. 

[0065] In an operation mold, the projection scale factor of a projection optical system of 
the numerical aperture NA by the side of 1/4 time and an image is [0.3 and the body 
high ] 12mm. Moreover, a dioptric lens uses a fused quartz and the chromatic aberration 
of a shaft top and a scale factor is amended to wavelength width of face of lnm in the 
wavelength of 193nm of ultraviolet-rays excimer laser. Moreover, since the optical 
system of the outstanding engine performance by which spherical aberration, comatic 
aberration, astigmatism, and distortion were amended by fitness to the condition 
almost near non-aberration is offered, even if it uses optical system 2 to 3 times, 
carrying out proportion amplification, the good engine performance can be held. 
[0066] The radius of curvature ri in the 4th example, and spacing di And ** material is 
shown in the following table 4. In the following tables, the 35th page is a virtual side for 
expressing the lieberkuhn in expansion optical-path drawing. 
[0067] 
[A table 4] 
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[0068] Moreover, in drawing 15 (a) - (c), longitudinal aberration drawing of the 4th 
example and drawing 15 (c) show chromatic-aberrationofmagnification drawing of the 
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4th example, and drawing 15 (e) shows transverse aberration drawing of the 4th 
example. These aberration drawing shows that many aberration is amended good in the 
field of a large image circle also in this example. Moreover, chromatic aberration is also 
amended good. Next, although it is made desirable to be satisfied with this invention of 
the conditions of a (l) type - (6) type, it explains per [ of each above-mentioned examples 
and those conditions ] response below. First, the 1st convergence group Gl - the 5th 
convergence group G5 in each above-mentioned example The refractive index of pi 
(i=l-5) and each appearance is set to ni (i=l-5), and each image formation scale factor is 
set [ each focal distance ] to betai 6=1-5) for fi (i=15) and each PETTSU bar sum. 
Moreover, the 1st convergence group Gl And the 2nd convergence group G2 They are 
beta 12 and the 4th convergence group G4 about a composite image formation scale 
factor. And the 5th convergence group G5 These image formation scale factors betal2 
and beta45 are expressed with betaij, using a composite image formation scale factor as 
beta 45. The item of the 1st above-mentioned example - the 4th example is summarized 
in the following table 5 - a table 8, respectively, however, the whole system - GT 
expressing - the whole system GT The corresponding PETTSU bar sum pi and an 
image formation scale factor - betai The PETTSU bar sum and the image formation 
scale factor of the whole system are shown in a column, respectively. 
[0069] 
[A table 5] 

Item of the 1 st example 
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[0070] 
[A table 6] 
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Item of the 2 nd example 
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Item of the 3 rd example 
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[0072] 
[A table 8] 

Item of the 4 th example 
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[0073] And the response value over the (l) type - (6) type of the 1st example - the 4th 
example is shown in a table 9. 
[0074] 
[A table 9] 

Responce value 





1 1 
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(1) p,+ p 3 +p 5 >0 


0.0193 
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(2) p 2 +p 4 <0 
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(5) 0.1^ | /? 3 i 
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(6) 0.1 ^ 1 0 45 t ^2 




0.32 


0.78 
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[0075] As for each of these tables, in each above-mentioned example, all show that the 
conditions of a (l) type - (6) type are satisfied. In addition, in each above-mentioned 
example, although optical glass, such as a quartz and fluorite, is used as ** material 
which constitutes dioptric system, since optical glass, such as a quartz and fluorite, can 
let ultraviolet rays pass, it is convenient. 

[0076] Moreover, you may make it use plastics optical material, such as an acrylic, 
polystyrene, and a polycarbonate, as an ingredient which constitutes dioptric system. 
Thereby, the optical system of low cost with mass production nature is realizable. 
Moreover, although the above-mentioned example is an example of actual size or a 
cutback projection optical system, use [ it / as an amplification projection optical 
system ] is clear by making relation between reticle 21 and a wafer 25 into reverse. 
Thus, this invention is not limited to the above-mentioned example, but can take 
configurations various in the range which does not deviate from the summary of this 
invention. 
[0077] 

[Effect of the Invention] the 1- of this invention - since according to the 4th scanning 
reflective refraction projection aligner selection optical system can be used instead of a 
beam splitter and incoming beams and a reflected light bundle can be separated, 
reduction in the quantity of light can be lessened and the effect of heat fluctuation can 
be suppressed. Moreover, the quantity of light nonuniformity by the heterogeneity of the 
property of a beam splitter which became a problem at the time of the conventional 
beam splitter activity can be lost now. 
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[0078] However, when flat- surface Miller who has long and slender opening is used in 
the center as selection optical system, in order for a part of flux of light to be kicked by 
the amount of opening in the center and not to contribute to image formation, an image 
formation property becomes what changed [ that it is various and ]. However, also in the 
cutback projection equipment of the usual dioptric system without electric shielding, 
the pupil of an illumination system can be covered selectively specially, recently 
resolution may be raised, and the heterogeneity of the image by change of an image 
formation property can be compensated with it by the property of the sensitization 
material on a substrate, or the design of a mask pattern. 

[0079] For example, in the so-called deformation illumination performed now, raising 
and the depth of focus are made deep for resolution by covering a cross-joint mold by the 
pupil surface of an illumination -light study system. If a part for opening and long and 
slender flat-surface Miller itself of flat- surface Miller is doubled in such the covered 
section of a cross-joint mold, or a part for flat-surface Miller's opening and long and 
slender flat- surface Miller are made small and stationed from the configuration of the 
covered section, the flux of light can be passed achieving the image formation engine 
performance. By taking such a configuration, total quantity of light loss is slight 
compared with the case where a beam splitter is used, and is high. [ of the utilization 
effectiveness of the illumination light ] 

[0080] Moreover, since a primary image formation scale factor (secondary [ further ] 
image formation scale factor) can be chosen freely, the condition of good 
optical-character ability is realizable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the perspective view showing the outline configuration of the 
projection aligner of the 1st example of this invention. 

[Drawing 21 It is the block diagram showing the stage device of the 1st example etc. 
[Drawing 31 It is the block diagram showing the outline of the projection aligner of the 
4th example of this invention. 

[Drawing 4l It is the perspective view showing the outline configuration of the 
projection aligner of the 2nd example of this invention. 

[Drawing 51 It is the block diagram showing the stage device of the 2nd example etc. 
[Drawing 6l It is the block diagram showing the outline of the projection aligner of the 
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3rd example of this invention. 

[Drawing 7] It is the block diagram showing the modification of the 3rd example. 
[Drawing 81 It is expansion optical-path drawing showing the projection optical system 
of the 1st example. 

1 Drawing 91 It is aberration drawing of the 1st example. 

[Drawing 10} It is expansion optical-path drawing showing the projection optical system 
of the 2nd example. 

[Drawing 111 It is aberration drawing of the 2nd example. 

[Drawing 12 1 It is expansion optical-path drawing showing the projection optical system 
of the 3rd example. 

[Drawing 13] It is aberration drawing of the 3rd example. 

[Drawing 14l It is expansion optical-path drawing showing the projection optical system 
of the 4th example. 

[Drawing 15] It is aberration drawing of the 4th example. 
[Description of Notations] 
21 Reticle 

23 Lighting Field of Long and Slender Rectangle 

25 Wafer 

30 Reticle Stage 

33 Wafer Stage 

Gl The 1st convergence group 
G2 The 2nd convergence group 
G3 The 3rd convergence group 
G4 The 4th convergence group 
G5 The 5th convergence group 

Ml, M4 Flat- surface mirror which has long and slender opening 
Si, S2 Long and slender opening 
M21, M41 Lieberkuhn 

Mr and M4' ■- a long and slender flat- surface mirror 
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3t# (7thl/yXhf) A«^snfcS« <^x/v 

[0003] ^©s**«ws-rsfc»fc:tt. my&t<D& 

□* (NA) £*#<LJkttfttf&£fc:^. b**b&a* 

I^^>^7X^f.nT<So 3 0 

0nmJEJnF«i:&5<h, *ffl±«ffi^#Sfll«i^/£C3e 

it, mmmsmwm^±iz. u>xmm<Dmx.±.£< 

**tot b Tfi*3fc^ fcfWT * - £ fc##«c« b I > 
[0 0 0 4] -?-ClT> JRWST^^^rWfiWS^tt) 



*«S*<, WA««r^BS5I-27Il6#^*-^»l|5p; 2-665 

[ooos] ^n\zmvT, ¥m»m?&wiztiz>£* 
mm* i ~3<d7v 7'/^-><Dmm&*:mit-?z>Mfa\z 
$>z>tizb, ^^^x\-mmm^\p[±r^mz, itn 
xmytx^&myty-f \*<Dmm&*i& < t zl t. *> 

M^ntv^. bj&>b&#5, LfcK 

[0 0 0 6] ^©J; ^^X U 7 HX^t >1^M0S 
j^«5tSiaffl©»^3t*^©WtLT. 4#^Ba63-16331 

mu<D&&m^&J:5\zmf8.2nT^z> 0 

[0 0 0 7] 

##sn, nrK»>xy\M(cs!»rs»'&^ft*. tot, 
cine»©2ii5t«Ccts7U7— ja-^tf— ax^u 

b^U — «Jcttefc#b€rn&-irifca6, 

&mmizm?LZ>h<Dx\ztefr^fz 0 

[0 0 0 8] £tz, 7l/T-*miZ>tzSt>. f^b<t- 

y hx**>mytttxmyt&ftomxu. t-AX7* 



(4) 
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[0 0 0 9] £fc, ±jSO'J>4/fi^3t^*ffl^fcWI 

f^©*t#^b^o£ 0 
[0 0 11] 

<t5tc, (2D tc^^n^c/^— >^©X»J 
vb&<D%mmm (23) w©/^^— (2 
5) m\zw&?z>&m%&m&iii,* zoybvwmm 
mm (23) ^brm^fRifcTx^ (21) 
u ^U5/h*©s8^«« (23) t.$kmsm%msL 

(2 7) tC^LT-TX^ (2 1) t^ilTSi (2 
5) ^r^aET^dttC^O. (2 5) ©A^— > 

<Dm%m#:mtiL (25) ±icj^»3tr*«#»issa 

t£*3^"C, TX^ (2 1) ©/^~ 

><d*bm& (2 4 a) &mm?zmi%MH&»%&nk 

«h, (2 4 A) ©{§T (2 4B) "SrfflS (2 5) ± 

©*1 X'JyhWIWWE (2 

3) ft©vx^ (2 1) ©/^->^6©7^£iR8rr 

s]E©siff***rr*aiiiiKfift» (g,)^ ^wc^u 

XMMzmmZti* % 1 ©*«©3fc£&aSi*K* 1 © 
(Mi) Q3iffiJK»ll*'&*, WWft!** (Mi) 

6 bra«^& (Mi) ©mi <os«x 



>©+Mffc (2 4 A) ^^T^>IE©@tFr^^m 2, 
JR«i*Gi£, £9*g/&Lfcfc©T&£o 

[0012] 3^ *ftm<Dm2<DM&MK»mm&m 

SIR3tt#* (M,)C!*MK:RS$n, j^4R 
(Mi) ©-e©m 1 ©««fc*tt£>r *S 1 

yt&mmztt&m 2 nmm&mm&m 2 

SS#T53S2a«3fc^ (MOt, GOT&&Mg£^K 

(m 4 ) ©si 1 ©wgDoass 2 <Dmmzyt&m?riE<Dmm 
ti&wimsmm (g^, fe2a«**3fc (mj** 
e»©3e**ratbwc!)/^-->o*$sfi (25) ji 

{cte«TSiE©JB#f*«r«P^4JRtt» (GJ «t0 
[0 0 13] ^W©^3®^3iE^JRItja»fS« 

- >©!& 2 +ra«*|g«fe*r SiEOJBSf * 3 iK& 

» (G 3 )<h* 5MlSJC»LTi*«)(cEIS$tl, £lOfi« 
(D^MM^itmm 1 ©®«£H»&£* 2 ©M^t©5t 

3^3SHc«<*2S«3t^ (M 4 )<fc, DD®S»i(S*-& 
3k *2*R3fc»6 (M0 3a*S©3fc^£JEitLT^23 

(M<) ©fg 1 ©««Xtt» 2 ©««ic3t£gs-r 
IE©JB*r**«fom4JR«!W (G<)<fc, *2.j»R*9M$ 
(M«) A> ^<O5t^Sr«0» LT^©/^- >©#£rfflR 
(2 5) ±(Cje«T5iE©JB^*fr3*5JR«p (G 

[0014] ^fe, *f&m<Dm4<Di£&MKttmm&m 

83fc*B«U m^3tc^-T«fc-5tc> vx^ (21) 

3) 1*3©/^^ — (2 5) miZ&&TZ>&& 
^»5^&*rb, X'JyhttOlWi* (2 3) (C^LT 
^^tCVX^ (2 1) Srjt5ltL> XUy^CSa^ 

mm (23) (27) 1:^1X77^ 

(21) iimmi^xmm (25) ^st-rsd^tct 

0> (2 1) ©/^^->©lfc*5S*S«R (2 5) 

*^a^ (21) ©A^->©+ra«s»«-r5* 

l«»«g«5^5^ (G 3 ) ch, ■-5-©+K«©«S:S« : '("2 
5) ±tC««TS* 2 tcfc0«J5KL, ^ 

*2co»igtcr)3tS:S»rSi:*(C. ^n^^lcOMX 

tt*2©««rt©^u v hVKDm^L (Sz) (c-t©*p H w 
*«se«$n, ^<D*rm<DftM*m%<Dyt¥mzm<m 
tiiyt^m (m.) ihimjr»«ss:$*, mfRX&K (m 

JA^(03t**S»bTS«0^^ (Mi)©»l©1H« 

xti^2 (Dmmzyt&mriEcDm&rti&ft'Dm 1 



(5) 
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/^->©«£»« (2 5) Jbfctt*t*S-iE©JS*r^* 

m^m2mm (Got, <fco*hdtUfcfc<DT&*. 

[0 0 15] rco^^. * 1 ©^£!JE#B#r«#Wte 

( £12 ) tc*3^T, miiRI&i* <G,K 
(Gi)StX*2SR5Me»3t^ (Gs)©§!9J©^y!yn 

f>^FBli^^5:i3^t§ 0 SB2©j£2E3!JK 
#J0*rS«»5fcgB ( (15 ) IC^T, miJRM^ (G 
.h 3£2iDUR$ (G*h £3JtXtt# (G 3 )^tXm4iRiSc 

co o i 6] mmvz. m3<D£gmRmmvrimmytgi 

S (16) fc*3^T, (G,K ^2iR^ 

(Gz), msumt (Gi), ^4iucgm (gj^s 

iRSfcP ( G s ) coi@#J<£>^ ;y n-;i/*a fc-wnen p , . 
p«. pi. P4&tfp 5 £LT> my&&m<DW&: 

is ik *ra«^ei»2*ra«^©*2*ieift©e^/5 
3.) tc^ur. (g*k mimm 

[0 0 17] 

p.+ p 3 +Ps>0 (1) 

P2+P4<0 (2) 

I p 1 +P:+p 3 +P4+Ps I <0. 1 (3) 

0. 1^ I 0» I ^2 (4) 
0. 1^ | J3s | ^2 (5) 
0. 1^ I 0« I ^2 (6) 
[0 0 18] 

( hi . di2 ) (c<tn^ fi^3i»*oe^s:.3t 

L*r4§£\ X'J7htt©IW«« (2 3) C^ITVX 
^ (2 1) *SR*|pl(c3MEVr*lEbv XUtyhtt© 
(2 3) (2 7) IC^LTJS 

(2 5) SrSW^frlc^fl • V-Vft&T&ZiilZJ: 
0, (2 1) <ZV^— >«« (2 2) F*9(Z)/1^— 

>©**<jl*SS (2 5) ©fli^-f— ^l 4 (2 6) W 

[0 0 19] Sfc, «^5t^*Tra«**3R (Mi) (C 



SSOfc^* (Mi) tc*5^S^a£©a*^/j: 

life*. J8TOt©*OT&*aW>. 

[0 0 2 0] £fc, «^31£a£©*S:ffiliT*ft»«0^£ 
Us/htt<0»3K«« (2 7) rtO^&S^-TS.t^tc 

f^fflsa*tt. 2-^4 (D^MKmmm^m 

[0021] mz*miiz&\,*x. sd^3^»©ttffi£ 
£ o amz b&itntf & mz^ v yn—)vmi 

Sfc«)0*fl=**±J6© (1) (3) 3&§kWX1b 

(i) (3) tt>%fr&mfe.ttz>z.k\zxL 

[00 2 2] ( 3 ) 3£©±J5£*m* ( 2 

5) ffllCG!Iffilc»ttlU (3) ^©TK^ttASt^M 
ilS^S (2 5) iJ(CflII:^iL, *(C»«ttffi)&«b 

0^j3 3 , m3^^CD^3«tC^V^T, (4) ^ 

- (6) iC(o*fr*«js-rs*&(c:tt, mmfc<&myt 

W*llW5^t!jf«Tf5. (4) (6) itCDT 

3&«ffilti:^:e. (4) (6) SCD±|®^n 

[0 0 2 3] SK5t*3^ (^I^^IM 1 g)M.) <D& 

[0 0 2 4] ■* 

tmmn txr, *mm<Dm*<z>mmmzz>%mm&m 
mvxwmr*. &rf<o^am\^ u^^ji<d/^~> 

x?*h h*<a*$nfe^xA±(cHrf«»* w 

[0 0 2 5] JKT©Hffi«"ett»»5^^<0U>XES 

vm\z&^x\*. &Mm\mmffitLx3<zn. \s=?z 



(6) 



ttffl¥6-3496 



)V2 ifrz<Dmmm?z>m\z&ytmmm&mmt!ti 

©IRS® 2Ir,:) *«ffl$ns. *b 

■S£Tl;:M-r5ffi£jra*Siffi <i = i, 2, -»-) 

[0 0 2 6] *8#<hbT, C aFz teiffi, S i 

<3D«ffiS*P«S (2 4 8nm) fc^SJB«*fc£fc©<fc 

535^ : 1.5 0 8 3 2 7, 
^ S" : 1.467845 

H^^X : 1.56100 

coo27] * i *ffi«©a««3tss 

mmtsntzmwyt^m^vmy&ti i^^2 

Bg»SnTlr^-5. BWMM2 3ft©/^ — >2 4**e>© 
Gi ^IT, ^(C^UT4 5° T#TOSn**ica« 

^ 7-m, izm&L£ti£M&.\t*mnsi co^(^> Era 

%-2 o*«fco»<fc*g«K:we*r*. temts 
raDs.(cia^s*i6itcaBstiiiet«2 8^29* 
[0028] w$ ^-m, T'KMtsnrzm. &mmm 

ftd, >2 4<D*P B 1&2 4A^itS. 

«) 2 6_htc4 j r^2 4A<0^2 4B€r^-r^>o &jg 
/3<hLT, mmm^L 2 3 <Dfi^ 
^t3^il75:SR^{C^VTU^^;i/2 1 £j£3lE-r 
5©£|5I»ibT, fla^«*2 3t*fg3&XUu/htt©» 
3t««2 7t^bT^X^2 S^SRMtM/.CSW 
*|pHw»as/5 • VT^S-T^Ci:tcJ:0> U^2)l>2 1 
©/^->««2 20/^->©ft^> 1^XA2 5 

vmyty j -)v y- 2 6 tza»»5t$ns, i ^ 



[0 0 2 9] 12 % 1 *JSWC0^5r- 

±ww^ 3 1 tfiu^ ^TsT—^mm^ 32^ 

= >^£IS^T£>. ^XA2 5^XAXf- 

S?3 3lC«J:BWfc««2 7fc»bTSW#|pJK:3fe3£S 

n, ^$np^ 3 1 tfvx.;\^T-vmm& 34^1 
tf&mfe-r&o ±wi3i^ uw;p2 ir^x 

#bT4 5° m&VX^2>. 

[0030] jas $s 1 jas0y©tg^^^<o® 013^ 

rt&—>frt><Dm^ JS*fU>X4«c^e^«*liR» 
SG. £iB-T\ **tc«BS^I8D*»'&5Wl!i(^bT4 

5 0 -e^^n^M^^-M, ©rasaarcsttsti*: 

U>XL,,£**£&*SI2iDBBWGi (CSO, ^2iK^C 

<D3to&** JS#rU>Xl 4tfca*&&*SS34Stfft#Gj SrJS 

[0 0 3 1] $Ltz, miiK^CPG, ttU^^2 1M& 
<E>Mlz. U7-?)12 ltrdb®^r^IttfcIE^xx^xi/> 
XLiu L/^;i/2 ltcaffi€rl6l^&ft^— X*^U> 
XL,k j^dbl/>X (J^T, ^ic rifbU>Xj tt^) 
L 13 ^t^IHlU>X (£4T, rGfll/>Xj 
L,4ci:0^|j5K^n. ^2iKMPG 3 tt. UT?)i>2 1 tc 
DDM^fSi tt/ct^x^^X U>XLn2fct«!nffiJRI#«iM 

1 «fc&&*. m3iDt^Cl¥G 1 tt, U^^;W2 1»C 
EIffi^|SlttfciE^x:^*XU>XLiu l/^;U2 1(c 
D£I®^rRlttfcIE>xX^XU>XL«, fll/>XLj3, 

u^^;U2 ucdbffi&rsi^fcft^— x*xu>xl», 

OU>XL«, ai/>XL J6 , U3 L ?)\/2 1 (CG3®^r^l 
t-t^Xxx^Xl/>XL 3 T> i£bU>XL», • 

2 1 {caffi^loI^iE^— X*^U>XL», 

2 1 fclHIffi€r|pJttfcft^x:xAXU>XL», tfbU>X 
L 3B , P^;i/2 1 tCdb®*lBjttfcft^— ^*^U>X 
Ljc, U5 1 ^7l/2 1 \Z^^ntzlE^zz^f37sU>X 

[0 0 3 2] HP*,, *WO«««*til/4«, 
«0. 4, &#Kte2 Omnnffc*. ^^c, StFrU>X 
tt«i»5^*«fflb, ***X*S/VU-tfC!) 1 9 3 n 



(7) 
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C 0 0 3 3 ) ^1 j6««(-i3^5ffi*¥S r i 

[0 0 3 4] 
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Si0 2 
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S 1 0 2 
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-277. 55 
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-68.13 
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S i 0 2 
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356.73 
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S i 0 2 
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-144. 7B 
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11.0 


S i 0 2 
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41.51 
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S i 0 2 
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-244.49 
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-300.87 
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78.03 


11.0 


SiOj 
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-79.79 


6.0 


S i 0 2 
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335. 30 


5.0 
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50.60 


221.9 




33 


-89. 48 


9.0 


S i O a 
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-110.93 


10.0 


S i 0 2 


34 


-178. 22 


3.0 




10 


-226.62 


6.0 




35 


61. 88 


8.0 


S 1 Oa 
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-126.76 


0.0 




36 


-734. 75 


5.0 
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CO 


6.0 
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47. 13 


6.0 
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226.62 


10.0 


S i 0 2 
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22.27 


2.0 
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110. 93 


t in a 

119. 9 




39 


26.01 


8.5 


SiOj 


15 


-31.41 


8.0 


S i O z 


40 


208.27 


3.0 




16 


-28.37 


1.0 




41 


18.76 


5.0 


S i 0 2 


17 


-76. 17 


6.0 


S 1 o 2 


42 


15.39 


11.9 
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-38. 10 
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130.38 
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S i 0 2 
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-122.63 
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76.08 


9.4 


S i 0 2 
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61.43 


34.9 
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172.92 


8.0 


S i 0 2 
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-139.74 


1.0 













[0 0 3 5] M9 (a) - (c) f^m» 

mwMm* Mb (c) tarn i mmmcomm^umm. m 
± (e) i^i»oira^if 0 ^n^umm 



[0 0 3 6] ±J6©«k-5ic*SaS«iCJ:n^ dlltc^ 
~?<kolz. ^n^TOt'—A^^'J^^— coyote. 
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[0 0 3 7] X U y h#KDmWmM2 3^0OA°^ 

[0 0 3 8] Hl2|aKM| I4^i5t^g)j2i 

5 ^— M, (ciiT^o ¥1^ ^— Mi coa®(ct^M^ 

[0039] ¥®5 5?— Mi -rs^^n^mv sitjB#r 

R»3*i;fc3£*A^ :7 — Mi CD&Hlt^PlOSi 

f*3l^ 2 4<DtpmWL2 4 A£|g*rs. 

Ki2 4A^5»liS$n, iSPS^tPFM^-M* 
<OIBPSz*SjaLfc«. £»ra$rk>XIM:0&**tS 
j£U£fg f 3 ©g§ 3 JRtt^Gi t^cfc 0 Eim^tLfcmiB 

©*4iRttlffG4**LT, ^XA2 5±Wlt2 4 
A©t2 4B^it§„ 

[0 0 4 0] ^3^1^©^$^ 0 1 lt, m 
^T^Ot^LT. X 'J hVt<DM?m®.2 7 iztt 

5<oai3t7>f— ;n«2 6(*a«cs^»3t3n-5. com 2 

[004 1] JH5. *2^««©X^-y»|«^ 

mcwt^ o , fg9i«$ 2 3 <omtti&Rzpm$ 

[0 0 4 2] H0H »2iafiCT©a»3^^©JSII§ 



}HSB€:^U ccE)lioii^tJ:5l:, U3 L t7)l2 l 

*XU>XL2.iA^i&S*2JR»»G 2 ^2 

* 3 JRttPG, TfJRI#Snfc3tt*«F®5 ^-M< 
Snfc», JStfU>X9tfc&>£fc£*4<Rj^G4£« 

[0 0 4 3] IlTOGi ttW;l/2 1«^ 

XLiu au>XLu, l/^^;i/2 1 i;:£h®*fattfc£ 

^-X^jxi/>XLi S , fll/>XL.K w;i/2ii; 
cn®^r^Wc^-^^xi/>XL 18 ^i/^^;u2 i 

x^xiz >XLn3fcr«!nffijR«aMf.ct o tzz> 0 

[0 0 4 41 *3JWB»Gs tt, k^;U21f;: 

;i/2 i tc[a®^Wc^^-x^xi/>XL«> 

^2 1 tCifbffi^lfijJtfcft^- X^7^k>XL4s. dbk> 
XL«, taU>XL 4 K flU>XL«2fetfML'>XL4 9 

[0045] mrz. ®&^%<D®&mmui/5fe. 

««JOHBD*NAttO. 4, »il0 0mm^ 
^LT> JS*fU>XttflSFiSai5^2fc^H*ffifflL, 
Mil+yTl/- tf©2 4 8 nm©jfc&K43fr:t'5, 1 

TV>5. £fc> 3®4XM, #jSJR^, 

[0046] S2^m$«»*sri , Mr«™ 

[0 0 4 7] 
HE2] 
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[0 0 4 8] l£Tz. mi 1 (a) - (c) »«2%KM 

o*8*k^^ hi i (c) \*9Z2fmm<t>»m&wm 
i> in (e) tt*2*ses0!i<3r)«iKiia^-r. -n 

[0 0 4 9] Mettc©*3^16«©a 



[0 0 5 0] ¥1^ ^-M, TSM^nfc^. ^MjS^f 
f4©»4iRfikWG4{cJ;0Si#SnT, ¥ffi^^-M 



[0 0 5 1] figW««2 3(d#LTSR*|6UcaarVT 
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